Retrovirus host range and cell tropism are determined in part by the presence of receptors at the cell surface. The external envelope protein of the virus interacts with the receptor with a given affinity constant, a parameter that governs the phenomenon known as virus interference (32) . Several classes of viral receptors have been described. Receptors for human immunodeficiency virus (14, 22, 25) and other human viruses such as poliovirus (27) and rhinovirus (18) belong to the immunoglobulin superfamily. Another group of retroviral receptors contains amino acid and phosphate permeases. For example, Rec 1, the receptor for ecotropic murine leukemia virus, is a basic amino acid transporter (1, 21, 36) , and the receptor for gibbon ape leukemia virus, GLVR1, was found to be homologous to a phosphate permease of Neurospora crassa (19) .
Bovine leukemia virus (BLV), a naturally occurring exogenous B-lymphotropic retrovirus, is the etiologic agent of enzootic bovine leukosis (11) . BLV infects a variety of cells in vitro and propagates in various animal species (2, 5, 6, 7, 26, 28) . BLV and human T-cell lymphotropic virus types I and II (HTLV-I and HTLV-II) are related retroviruses. They share properties such as genome organization, presence of regulatory proteins Tax and Rex, nucleotide sequence homology, lack of viremia in the infected host, and integration at multiple sites in the host cell DNA. Because BLV and the HTLVs do not infect the same target cells, it is anticipated that they do not share the same receptor (32) .
In the present study, we isolated and characterized a cDNA encoding a polypeptide to which the BLV envelope glycoprotein gpSl selectively binds. * Corresponding author.
MATERIALS AND METHODS
Cells and viruses. Cells were cultivated in Dulbecco's modified Eagle's medium supplemented with 10% fetal calf serum. The bovine kidney cell line (MDBK; ATCC CCL 22) and the human larynx cell line (HEp-2; ATCC CCL 23) were obtained from the American Type Culture Collection.
Immunoscreening was carried out by using either the crude supernatant of BLV-producing cells (35) or a cell lysate obtained from Vero cells (31) infected by a vaccinia virus recombinant that expressed BLV envelope proteins gp5l and gp3O. Sensitivity to BLV infection was estimated by counting the number of cells expressing lacZ after infection of the culture by a recombinant BLV carrying the lacZ gene. Such a recombinant is expressed by the cell line FLK-BLV/BLVSSVnlsLacZ as described by Milan and Nicolas (28) . The culture supernatant was filtered through 0.22-,um-pore filters and used for infection.
Escherichia coli N 4830-1 cells expressing the carboxylic part of gpSl (amino acids [aa] 167 to 268) and the complete gp3O were used as a source of recombinant BLV envelope proteins (8) .
Isolation of BLV gpSl. The external glycoprotein gpSl was purified by immunoaffinity chromatography from BLV virions produced by the VP-1 subclone of FLK cells (3, 4) .
Northern (RNA) and Southern blot hybridization. RNA was isolated from cells by the guanidinium isothiocyanatecesium chloride centrifugation method (13) , and poly(A)+ RNA was selected on oligo(dT)-cellulose columns. mRNA was treated with glyoxal and either 1 ,ug per sample was dotted onto nitrocellulose membranes (34) RESULTS Isolation of a cDNA encoding a polypeptide binding to BLV gp5l. In order to isolate a cDNA potentially corresponding to the BLV receptor, a lambda gtll expression library was screened by using a solution containing BLV envelope glycoprotein gpSl as the probe. This strategy assumes that (i) the recombinant receptor protein is able to bind the virion external glycoprotein gpSl and that (ii) the ligand-receptor complex is detectable by subsequently binding to a mixture of MAbs directed against various epitopes of gpSl. Therefore, a cDNA library was constructed with mRNAs from bovine cells susceptible to BLV infection (MDBK cell line).
The screening of 5 x 105 recombinant phages from an amplified library yielded three recombinant phages having identical inserts of about 2.3 kbp each (confirmed by DNA sequencing). The cDNA used for further characterization is referred to as BLVRcpl.
The binding of the BLVRcpl expression product to BLV gpSl has been confirmed by using immunoaffinity-purified gpSl, gpSl produced by recombinant vaccinia virus, or recombinant gp5l produced in bacteria in the immunoscreening assay. No reaction occurred in the absence of BLV gp5l or when gp5l-unrelated MAbs (anti-BLV p24, bovine growth hormone, or pig phosphohexose isomerase) were used (data not shown).
Nucleotide sequence of BLVRcpl and its deduced amino acid sequence. The nucleotide sequence of BLVRcpl and its deduced amino acid sequence were determined as follows.
The BLVRcpl insert was subcloned into pBluescript II SK+. The nucleotide sequence of the BLVRcpl cDNA and the predicted amino acid sequence are shown in Fig. 1A . The longest open reading frame shows a first ATG located at position 70 (position 1 is the first nucleotide after the 13-galactosidase sequences). The first TAG stop codon in the same frame is at position 2188 and is followed by a polyadenylation signal (AATAAA) at position 2336. That open reading frame, in frame with ,B-galactosidase, encodes a protein of 729 aa with a calculated molecular mass of 80.3 kDa in the absence of posttranslational modifications. The VOL. 67, 1993 on November 7, 2017 by guest (Fig. 1B) . The ATG codon mentioned above is not consistent with the sequence AXX ATG G, defined as an efficient translation start site by Kozak (23) . Searches (31 July 1992) in the GenBank and EMBL data bases for homology with known nucleotide and amino acid sequences failed to identify any significant homology with previously reported sequences.
Northern analysis of bovine mRNAs. To determine the size of the mRNA transcript that encodes the BLV receptor in bovine cells, a Northern blot experiment was performed with poly(A)+ RNAs isolated from MDBK cells and bovine kidney tissue. The hybridization probe was BLVRcpl. After the filters were washed under stringent conditions, the presence of a single band of approximately 4.8 kb was detected in both MDBK cells and bovine kidney tissue RNA ( Fig. 2A) . These data suggest that the BLVRcpl cDNA represents only part of the genetic message for the BLV receptor.
Presence of sequences homologous to BLVRcpl in cells of different species. The wide host range of BLV among species other than bovine indicates that the BLV receptor is widespread and is conserved among animal species. To test the conservation of the isolated sequence described here, Southern analysis was performed with DNA obtained from different species. Hybridization with a BLVRcpl probe under stringent conditions permits the detection of a limited number of hybridizing fragments in EcoRI digests of murine, bovine (DNA from MDBK cells), ovine, primate, caprine, canine, feline, and porcine DNAs (Fig. 2B) . These data suggest the presence of a single-copy gene that is highly conserved in DNA from various species. In caprine DNA isolated from a BLV-induced tumor (Fig. 2B, lane 5 (Fig. 3A, lane 7) . A similar observation was made for the NIH 3T3 3x3A1 clone but without amplification of the additional copy (Fig. 3A, lane 5) .
Northern blot hybridization analysis with the BLVRcpl probe revealed the presence of BLVRcpl transcripts in the NIH 3T3 3x6A6 clone only (Fig. 3B, lane 4) . Specific mRNA expression was not found in NIH 3T3 cells that had integrated only one additional copy of the BLVRcpl sequences or in untransfected control cells (Fig. 3B, lanes 1, 2, and 3) . Similar levels of BLVRcpl expression were found in BLVpermissive MDBK cells and in the NIH 3T3 3x6A6 cells that had acquired BLV sensitivity (data not shown).
Expression of the BLVRcpl gene product in NIH 3T3 3x6A6 cells was demonstrated by immunoprecipitation of cell extracts with a rabbit antipeptide RP1 serum reactive against the sequence aa 25 to 36 (PENALPSDEDDK) in the BLVRcpl. A protein with a molecular mass of about 70 kDa was precipitated from the transfected NIH 3T3 cells (clone 3x6A6) (Fig. 4, lane 3) but not from normal murine cells (lane 1). The same antipeptide serum immunoprecipitated a product with an apparent molecular mass of 90 kDa (Fig. 4 , lanes 5 and 6) from MDBK cells. This protein probably represents the entire BLV receptor in its native structure.
Localization of the binding domain of BLV gpSl on the BLVRcpl product. The hydropathy profile of the BLVRcpl product revealed the existence of two hydrophilic regions (aa 80 to 112 and 140 to 200) flanking a hydrophobic region at the amino side of BLVRcpl (16) (Fig. 1B) . To (Table 1) , a positive correlation between the receptor expression levels ( Fig. 2A and 3B) binds to the CD4 receptor at a site located on its C-terminal end (30) , and binding to CD4 also occurs at the NH2 end of the receptor protein (9) . Considering the ability of the BLVRcpl to confer sensitivity to BLV infection and its ability to specifically bind the BLV gpSl glycoprotein, we believe that the protein encoded by the BLVRcpl cDNA acts as a receptor for BLV.
